The pathologic effects on the heart of fibrillation, countershock and manual compression have been studied in canine hearts. Survival experiments have permitted evaluation of the permanence of the damage produced. Massage of the normally beating heart produced minimal nonspecific damage. Manual compression on the fibrillating heart was seen to elicit changes more severe than those observed after fibrillation alone, including occasional focal myocardial necrosis. Alternating-current countershock produced both epicardial and myocardial damage at the site of application of the electrodes. In the present study the morphologic changes in the hearts of dogs resulting from ventricular fibrillation, defibrillation by alternating current or condenser discharge countershock,* and manual compression are presented and discussed.
T HE application of electrical currents to the heart in order to stop ventricular fibrillation has been studied by several investigators.2' 5, 6 A number of reports have appeared describing alternating current de- vices for defibrillation of the human heart in the operating room,1' 3, 4 and at least two such machines are commercially available. Although electrical dsfibrillation has been employed clinically, the damage which may result from this procedure has not been assayed. The suscitative result with the least damage to the heart.
In the present study the morphologic changes in the hearts of dogs resulting from ventricular fibrillation, defibrillation by alternating current or condenser discharge countershock,* and manual compression are presented and discussed.
METHOD
In order to separate, insofar as possible, the different factors in the sequence of experimental events, fibrillation, defibrillation, manual compression and excision of the heart and to demonstrate the individual significance of each, several series of animal studies were carried out. They included: (1) basic control experiments involving the examination of hearts excised from animals at the termination of unrelated experiments; (2) fibrillation control experiments; (3) experiments on the effects of manual compression on both fibrillating and normally beating hearts; (4) alternating current countershock defibrillation studies; and (5) condenser discharge countershock defibrillation studies.
In the animals of groups 3, 4, and 5 varying periods of survival were allowed in order to obtain information regarding the restoration of normal structure. Ether anesthesia was used except in the animals of group 1 which received injections of veratrum viride where pentobarbital was used.
* The devices used for alternating current and condenser discharge countershock are described elsewhere. Illustrations in figure 1 show some of the characteristic pathological changes observed in these hearts. CONCLUSIONS 1. The pathologic effects on canine heart of fibrillation, countershock and manual compression have been studied. Survival experiments have permitted evaluation of the permanence of the damage produced.
2. Ventricular fibrillation produced diffuse vascular congestion, focal microscopic hemorrhage, edema and muscle fragmentation.
3. Massage of the normally beating heart produced minimal nlonspecific damage. When the fibrillating heart was subjected to manual compression, the changes were somewhat more severe than those observed after fibrillation alone, and occasional focal myocardial necrosis resulted.
4. Alternating-current countershock produced both epicardial and myocardial damage at the site of application of the electrodes. The epicardial change was manifested initially as fibrinous hemorrhagic exudation and subepicardial fat necrosis, ultimately as fibrous tissue formation and pericardial adhesions. The myocardium revealed first necrosis, fragmentation and inflammatory reaction, and finally superficial fibrosis. In view of their localization, these changes would not be expected to alter cardiac function appreciably.
5. In the animals subjected to condenserdischarge countershock, the observed effect was of the same type as that produced by alternating-current defibrillation. Myocardial damage was not apparent in all these animals, however; nor was it as severe as that produced by alternating current. Further investigation would be required to determine the relationship between condenser-discharge countershock and the presence of mural thrombi in the left ventricle of 5 of these 22 animals. 
